In this review, the technique of soil-less cultivation of horticultural crops is analysed, the main differences between this and traditional cultivation techniques are described, and the advantages and disadvantages of each method in relation to the others are identified. Soilless cultivation has revolutionised various sectors of vegetable and floriculture production, and recent years have also seen interest being shown by Italian fruit crop producers, particularly those involved in table grape viticulture. The various issues related to the use of this technique are described in relation to the needs of the substrate, water management, and mineral nutrition of the different species, and to the fact that not all species are suitable for the application of soil-less cultivation. Finally, since the soil-less system is strongly influenced by Man and is increasingly conditioned by this, the links between the final product and the territory where it is grown appear to be very limited. This is particularly true in Italy where, for certain protected geographical indication food products, soil-less cultivation is prohibited.
Introduction
In horticultural crop production, the definition soil-less cultivation encompasses all the systems that provide plant management in soilless conditions in which the supply of water and of minerals is carried out by nutrient solution, with or without a growing medium (e.g. rockwool, peat, perlite, pumice, coconut fibre, etc.). Soil-less cultivation systems can be divided into: i) systems in the liquid medium, which do not have other media for the support of plant roots; and ii) systems in the solid medium, using a substrate to support the plants. The hydroponic system is made up of the systems in liquid medium and systems that use an inert substrate. In addition, the soil-less substrate cultures are classified into: i) open systems (when the nutrient solution that drains from the roots is not reused); and ii) closed systems (when the surplus nutrient solution is collected, corrected and put back into the system) (Winsor and Schwarz, 1990) .
The soil-less crops are mainly grown in the greenhouse and require high technology, considerable capital investment, and adequate professional skills on the part of the operator. Nevertheless, they are highly productive and ergonomic, they use water and space efficiently, and, in closed loop systems, prevent the pollution of soil and groundwater (Resh, 2012) .
The soil-less cultivation systems have been introduced in protected crops in order to: i) release the cultivation of plants from soil and, therefore, from all the problems related to it, such as the phenomena of soil exhaustion, soil-borne diseases (especially after the ban on the use of methyl bromide as a geo-insecticide), secondary salinisation caused by the excessive input of fertilisers and lack of rainfall, the necessity of implementing crop rotation; ii) improve the control of plant growth conditions (e.g. temperature and aeration of the root zone, optimal distribution of water and nutrients, etc.); iii) reduce the amount of labour needed.
Compared to traditional soil cultivation, soil-less crops have many advantages and disadvantages (Table 1) . The elements that differentiate soil-less cultivation from traditional techniques mainly concern the use of the nutrient solution and the absence of soil (which may be substituted, in some of its functions, by the substrate).
The nutrient solution
All soil-less cultivation systems, with or without substrate, have something in common: the distribution of essential nutrients (except carbon) by using a nutrient solution (La Malfa, 1996) .
The principles of mineral nutrition of plants grown without soil are no different from those of plants grown on soil. The main difference between the two systems is represented by the reduced volume of the substrate (and/or nutrient solution) available to each plant, and this justifies the particular management of the nutrient solution in the soil-less system. Also for this reason, one of the most relevant characteristics of the nutrient solutions is the ionic concentration of nutrients, which is usually much greater than that of the circulating solution of the soil, even though this is variable (Table 2) .
In order to grow, plants do not require such high nutrient concentrations as those required for soil-less cultivation reported in Table 2 . Such high concentrations in soil-less cultivation are used to ensure a good nutrient reserve and to simplify the preparation, the control (e.g. of the electrical conductivity with a conductivity meter) and the rein- The composition of the nutrient solution reflects the chemical composition of the cultivated plant rather than that of the circulating solution of the soil. Under these conditions, the plants require less energy to actively remove nutrients. Moreover, the nutrient solutions are generally more concentrated than the circulating solution of the soil because smaller concentrations could cause a situation of deficit, especially in the case of infrequent renewal of the nutrient solution (Epstein, 1972) . However, the removal ratios between nutrients and water vary widely in response to different climatic conditions, even on the same day. For this reason, they usually suggest nutrient concentrations higher than those provided by the removal ratio between nutrients and water in order to ensure sufficient availability of all nutrients.
Moreover, it should not be forgotten that the solutions of the soil are better buffered by reactions of ion exchange, absorption-deabsorption, dissociation and precipitation, as well as by the cycle of nutrients and mineralisation of organic matter. The absence of a similar buffering capacity in systems of soil-less culture requires the use of high concentrations of nutrients. Finally, the nutrient solutions are very often easily prepared with four or five salts to meet the needs of the macroelements; this reduces the possibility of obtaining wider ratios among the concentrations of the elements.
The substrate
Substrates are defined as all those materials, used alone or mixed appropriately, that can provide the root system with better conditions (in terms of one or more aspects of plant growth) than those offered by agricultural soil (Noto, 1993) . In soil-less crops, the substrate replaces the soil because the natural soil is often poorly suited to cultivation due to chemical (reaction, nutrient availability, etc.), physical (density, structure, water retention, etc.), or biological (presence of pathogens, exhaustion, etc.) limitations, or because in this way it controls plant growth better. Plants grown in pots are characterised by a particularly high (and unbalanced) ratio between the aerial part and root, and by much bigger water, air and nutrient requirements than those that are recorded on the soil (and in the open field) where growth rates are slower and the volume of soil available for the roots is theoretically unlimited. To meet these requirements, we need to use substrates that, alone or in a mixture, ensure chemical, physical and biological conditions that are optimal and stable in time. To do this, different types of materials have long been traditionally used in horticulture and in the nursery industry. Over the last few decades there has been, on the one hand, a significant increase in the number of materials used, arising from industrial processes, to be used with or in replacement of traditional materials and, secondly, there has been a growing use of substrates of cultivation (Gruda, 2012) .
The substrate must perform different functions: i) support the plant and provide air, water and nutrients to the roots; ii) it must not contain pathogens; and iii) should not be phytotoxic. Any organic or inorganic material can be used as a substrate, provided that it meets the above conditions. There is no universal substrate or mixture that is valid for all species and in all situations of cultivation. It is, therefore, appropriate to carefully select the individual materials according to the different conditions in which they will be used: the environment, species to Occurrence of diseases normally absent in the soil. Greater water use efficiency.
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Highly professional operator skills needed. Better use of fertilisers (efficient use of nutrients).
Dependence on electricity and other economic sectors. Increase in yields (better plant health, greater plant density, Continuous monitoring. more productive longevity). Greater uniformity and earliness. Better overall production quality. More efficient greenhouse management (rapid succession, high greenhouse efficiency, vertical exploitation). be cultivated, cultivation phase (germination, rooting of cuttings, plant production, plant breeding) and system of cultivation. Suitability of the material depends on a number of physical, chemical and biological characteristics. In each case, it must be always remembered that growth on substrate in a container (pot, bag, etc.) occurs in conditions of reduced thermal flywheel, limited water reserve, and possible waste of water and nutrients (pollution).
A good culture medium should be able to offer the plant the highest availability of water (i.e. have a good water retention capacity), but at the same time ensure sufficient aeration to the roots (Table 3) . In other words, there should be a balanced ratio between the microporosity (constituted by pores able to retain the water at the end of the drainage after complete saturation) and the macroporosity (porosity free, provided by all the pores that do not retain water and that are filled with air). Better water:air ratios are ensured by materials with high porosity (optimally 75%) and with the right balance between micro (40-60%) and macro (15-35%) pores. With crops in small containers (e.g. quick pots), the total porosity is expected to reach 85% of the volume.
Horticulture evolution
Soil-less systems have revolutionised the horticulture nursery industry and techniques of installation, with significant benefits for nurserymen and farmers. Over the last few years, researchers and farmers have shown an increased interest in soil-less cultivation. Even if, in Italy, national horticulture is based on very simple management techniques, the use of high technological crop systems is attracting more attention, and is able to increase productivity and significantly reduce water and other resources, while cutting down the pollution caused by pesticides, fertilisers and plastics. Soil-less cultivation is probably the most important practice, especially for species in which radical diseases are difficult to control. In Italy, although the first studies on soilless cultivation were started in the 1960s and 1970s by Massantini, growers only really started showing interest in 1990 (40-50 ha). Ten years later, the surface area under soil-less cultivation had grown to 400 ha (Carruthers, 2002) . In Italy today, soil-less cultivation affects approximately 5-7% of the surface area dedicated to horticultural crops in greenhouses, while in other countries, e.g. in the Netherlands and in Spain (Almeria), they represent the main cultivation system used.
There are three main reasons why the use of such a system is not more widespread in Italy: the lack of technical assistance, the small size of farms, and the inadequacy of the greenhouse systems that host the soil-less cultivation (Incrocci et al., 2009) .
In general, soil-less crops are more convenient than ordinary crops when it is necessary to operate in difficult pedoclimatic conditions or in the presence of very valuable species that are difficult to cultivate, or during the multiplication and reproduction phase. For ornamental crops and cut flowers, soil-less cultivation in a protected environment ensures a more constant and higher quality production, and favours production planning, the latter being of fundamental importance in this sector.
The Italian flower nursery is characterised by a highly varied production. A very clear example is the cultivation of acidophilic plants in the district of Lago Maggiore and in the Biella area. The birth of the Typical Flowers of Lago Maggiore brand in the 1980s shows how, in time, camellias, azaleas and rhododendrons have forged deep links with the territory in which they are grown and with local tradition. This has been thanks to their aesthetic value, to their location in sites of historical interest, and to their importance in landscape gardening/their relevance to the local landscape. They were initially grown in the soil, but extraordinary weather events and the growth in demand, without the limitations of normal periods of production and the biological cycles of the open field, have led to more advanced cultivation techniques being developed. The adoption of the greenhouse and soil-less crops has resulted in products with excellent quality standards that meet the needs of consumers and are competitive with producers from across the Alps. Nowadays, the productive specialisation of floricultural companies has led to European market recognition of the well-established typical production of Lago Maggiore and the Biella area. Here, producers have achieved their market position through the refinement of production techniques that now need to be improved to accommodate the demands of their leading customers, and the general orientation of consumers and of the European Union towards more natural products.
Peat is the major component of the substrates used for growing plants in pots. Recently, a number of environmental issues have been raised about its use because its extraction depletes peatlands, a habitat with special ecological value. Peat resources are also being depleted and the renewal process takes a very long time. In countries in southern Europe, such as Italy, peat is imported, with an impact both in environmental and in economic terms. The use of more readily available resources, also in terms of reuse/recycling of waste materials from local productive sectors, could represent a valid response to the needs of the nurserymen to reduce the use of peat substrates in floriculture while increasing the environmental sustainability of soil-less cultivation. In Italy, there is a real opportunity to use readily available materials with a view to reuse waste materials from other production chains, as confirmed by recent studies. For example, rice husk and hazelnut shells were found to be suitable alternatives to peat for the cultivation of Camellia japonica (Berruti and Scariot, 2013; Larcher and Scariot, 2009; Larcher et al., 2011;  Rhododendron japonicum, Leuchotoe axillaris and Pieris japonica (Berruti and Scariot, 2012) , while the compost based on Posidonia beached residues has been successfully used for the production of tomato, pepper and lettuce seedlings (Mininni et al., 2012; Mininni et al., 2013) . In parallel with the development of new substrates, we need to widen our knowledge of cultivar management (Caser et al., 2010; Scariot and Gullino, 2010) in order to adapt irrigation and plant protection treatment requirements (Berruti and Scariot, 2013) . In order to increase the sustainability of soil-less crops, one extremely interesting possibility would be to reduce the contribution of fertilisers and pesticides in crops by applying inocula of arbuscular mycorrhizal fungi selected ad hoc . In recent years, there has been a growing interest in soil-less cultivation in fruit growing in relation to the capabilities inherent in these systems to make production processes more dynamic.
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In arboriculture, in the nursery, soil-less cultivation techniques are used to produce propagation material that reduces the production time of plants destined to be transplanted in the field, and, at least experimentally, to produce fig tree (Ficus carica L.) and table grape (Vitis vinifera L.) (Figure 2) . Melgarejo et al. (2007) reported the possibility of soil-less cultivation increasing fig production up to 18-fold compared with that obtained in the ground, saving water (up to 90%), fertilisers, and pesticides, and with lower plant management costs. Di Lorenzo and Mafrica (2000) and Di Lorenzo et al. (2009 Lorenzo et al. ( , 2012 have shown that, in soil-less table grape cultivation, it is possible to produce more than 40 tons per hectare, and in southeastern Sicily, two production cycles can be achieved in the same year, the first in the period from January to June and the second from July to October (Table 4) . Having two production cycles in the same year and in the same greenhouse with the varieties Black Magic and Vittoria has resulted in a total combined production from the two cycles of over 60 and 70 tons, respectively, depending on whether the second cycle used the same plants as the first or plants refrigerated between March and June (Table 5) . However, studies on soil-less cultivation have also been considered in apricot, peach and cherry trees. Soil-less vine cultivation has been proposed by producers in suitable areas but with serious problems of soil-borne pathogens. Production of soil-less table grape has numerous advantages (Table 6) , although critical issues are still the subject of research: i) adaptability to the technique of the different cultivars; ii) composition of the nutrient solution; iii) cultivation cycles to be carried out during a different period from the traditional one. Soil-less vine cultivation for table grape is very quick and flexible. The first year of growth takes place in the greenhouse and then outdoors to satisfy plant chilling requirements. After just one year, the second year (in greenhouses) produces clusters of very good size with little millerandage and no traces of pesticide (the confined cultivation environment minimises the need to intervene with phytosanitary products). The cycle consists of two phases: i) training the plant, i.e. rooting cuttings and growing the shoot in the first year; ii) production (second year). Cuttings are rooted in the greenhouse from February to April. Small pots (approx. 0.4 L) filled with peat are used ( Figure 3) ; when the rooting has occurred, cuttings are placed in larger pots (volume approx. 10 L) filled with cultivation substrate (e.g. a mixture of perlite and peat) and then transferred outside. The plants are grown with a single shoot that will form the cane during the production phase. In the second year (the production phase), before budburst, the plants are transferred to the greenhouse. For cultivation, ordinary canopy management practices are applied (summer pruning, tying buds, leaf removal and cluster selection) (Buttaro et al., 2012) .
The estimates of the costs and benefits of adopting the soil-less technique to cultivate table grape will be crucial to its diffusion. However, consideration should also be given to the very high cost (up to 30,000 euros/ha) of planting a traditional vineyard in which deep soil tillage must be carried out, involving ploughing and, where the soil is mainly composed of rock, subsequent grinding.
Quality and typicity
Soil-less cultivation systems allow total quality levels to be achieved, i.e. improvement in the quality of both the product and the productive process (Santamaria and Valenzano, 2001) .
The spread of soil-less crops has raised questions in the scientific community and doubts and confusion among members of the public in relation to the changes in the qualitative profile of the products. These changes are most likely a result of the specific characteristics of the production methods used. The qualitative profile of the products obtained by methods of soil-less cultivation appears to be substantially the same as that of the corresponding products coming from crops grown under traditional methods (Gruda, 2009; Santamaria and Valenzano, 2001 ). Any differences seem to be in favour of the soil-less methods, especially for the parameters relating to the nutritional, organoleptic and hygienic-sanitary characteristics (Gruda, 2009; Santamaria and Valenzano, 2001) .
Some aspects of the quality of vegetables produced under soil-less cultivation have clearly been improved, such as a decrease in phytosanitary residues, enhanced organoleptic characteristics, and longer shelf life (Cefola et al., 2011) . Special dietary requirements are also sometimes satisfied, e.g. enrichment of and/or increase in content of selenium (Pedrero et al., 2006) , iron (Inoue et al., 2000) , and omega 3 (Palaniswamy et al., 2000) , and lower nitrate content . However, soil-less cropping systems are agricultural systems that are under the strong influence of Man and are increasingly conditioned by this, and this influence weakens the links with the production areas and then to the territory. As a result, products grown under these systems remain unrelated to marketing strategies that link food consumption to the valorisation of typical, organic and natural products. This is particularly true in Italy, where crops from soil-less cultivation are not included among protected geographical indication (PGI) food products. In general, soil cultivation is a crucial element that characterises the protected designation of origin, and if crops are not produced in this way then recognition of the product is lost. An example of exclusion of soil-less crops from the production specification is the Pachino tomatoes PGI. 
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